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(I) CE ReS, Cli b h iveEBity, P)Ja p nScie nce 血d Tbch olog yCorpomtion,
p)b sdtlte Of Atm osphe ric P hysic s, C hiA CSie･A q demyof Scje n c e s,
(4)C C S R,t h iye rsity of T b kyo
Theimpactfactors o n estin aLtio n ofthcglobalwa rmhgatr e un c ertainties ofclo ud, a e r o s olandits
irltera Ctio nin theglobalm odel. In cre asein clo ud 皿10 u ntC 皿 S uppreBSglobal w amingby carbon
dio xidein cre asing丘o 皿 fossil 血els c ons u mption and other w ar ming gases, btrtits respon sibility s
n otcle ar as sho w nin IP C repo rt. h orderto e stim ate,theglobal inpa ct of thes efacto rs, highly
a c ctF a;te analysis of s atellite data is r equired ¢o mbin ed wi thgrol md-ba s ed obs erv a,do n s, i.e.
v■alida[tio n.
巷K Y N E Tis a n etw o rkspr ead oIJtin BastAsia to a c co mplish thes e objectiv es. The S K Y N E T
silosha v e sefV eral in str m ents mainly c ompo sedofskyradio m eter,pyra n o md er BLndp yrgeo m eter. In
se v eralsites,inte wiv e obse rv atio n sha v ebee ndo n eby stlPPO rt Ofotherproje cts, such as GA M E
project(Sri Sa m ro ngin Thana nd 皿dHefeiin Chin a). Thes e sites ar e operz[tedinc o operaLtio n wi th
thelo calin stitutes or obs erv atorie s･ Da;ta obs er v edar e se ntand analy2X!dattheda:ta ce nter, CE ReS,
Chiba Uhiv ers晦 狐d C C SR, U dv ersib, of Tokyo. T hes eda[ta u e shared openly with r es ear ch
grotIPS a ndcorn n tmiies a[t(eJldedto thisprogra m.
The SK Y NE T daLta C angivc aero solparam etersde也c ed by skyradia n c e a ndradiado n am o u ntsin
the East Asia･ Then so m e切)ic alsi2:edistrib一Itio n ofa ero sols 打 0 und the sites c 皿be c o mpiled
a nd als odo w ard■sola r radiaLtion atthe sudhce estin a.ted 丘o m G M S-5dataiB Validated wi th
S K Y NE Tr adiatio ndaLta. nLedo Ⅶ w ard solar radialtio ndq)ends stro ngly upo n cha ra cteristics of
a ero sol 弧dcloud
,
therefor ethediqer en c ebtw c e nthe obs e Ⅳ ed andestim ated radi[tio ngiv es s o m e
s喝geStioho n obs e rv atio n 皿 dandysis syste m.
While the m o re a c ct mte resIJlts 企o n the sB[tellie dz[ta a re r equired fo r O V eral1m a'p plng Of
r adiatio nb dgct,theSKY N E Tc 弧 pla,y animportantrole h thc res ear ch oftheglobalw ar mhg and
c比naLte Cha nge.
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1. Ⅰ血bⅦdtLCtioJ)
Theimportantfhdtorsintheglobalclin de
change ar e u n certahlies ofclo ud, a e r o s ol a nd its
hter actio nin theglob dm odel. h cre as ¢in clolld
8 m Ou rlt Ca n StLPPr eSSglobal w arrnlng by carbo n
dio由dein creaBlng 庄ndother w ar n ng ga ses,bt[tits
respo n sibiltyis n otcleara s sho wnin IP C Creport.
The dir ect effect of a ero sol is c o n c ern ed wi血ib
a m o unt(optical thickness) and its co mple x
re&active in deoi(ab畠01Ptiv eorreflectiv e), and thes e
param eters haLVe been observed a nd estim ated fo r
m any ye ars. On the otherhBLnd, anindire ct effect
has m u ch m ore tn certaintiesinthe clim ate syst m
The m odificaition of clo ud syste m dtletO aer os ol
ca ngive an effecttothe climz(te syste m , e specially
n carthe u rbaniz edregio n.
The radiatio n hldget is o n e of k野
par am etersin dleglobalclim ate change as w el as
w ater cycle, a ndthe sIJrfac e r adiatio nis als obasic.
T heglob alm ap ofr adiatio n sho uldreqtn rc s atellite
darta
,
e specialy ge o･statio n arys atellite data, s u ch
且S a G MS. The S RBprogr 瓜Ilhas be en
perfo m edfor the s urface r adio;tionblldgd which
tlS ed the IS C C PdBLta basically. h this study
G ”S-5 dal:ais usedfo restim atio n of do wn w ard
solar radiatio n. h orderto e stim ate the global
impa ct of 也e clim zEte Change, highly ac ct mte
analysis of sahellite data is rcquired wi tha
v alidaltio n ofgr otlnd-basedobs e rv aLtio n s.
Tbe SKYN ET observ &tioll n etw ork has
be en co n stru cted to a c co mplish 血es epu rpo s es,
a e r o s oldetectio n a nd v alida,tio n ofsohr r adiatio n
estimzlted 丘o m s ateuite daLta. The sitesin the
n etw ork are mainly loca[ted h the East Asia,
beca u s ethe AE RO NE Toper ated by NASA ha s
cover edthe wide ar eas o v erth w orlde xceptfo r
dleAsi丘n r eglO n.
2. S m T
The S K Y NETis an obs¢r v atio n n etw ork wi血l
se v eral obje ctiv es su ch as v a旺datio nfor s atellite
produ cts, s Ⅶpplies ofbasic d ぬ for atm o spheric
colle ctio n of s atenite data, 初)ic al m odeling of
regio n al a er o sola nd so o n. Thes e n etw orksilts
hav ebe e nlo cated m ainly in 81¢East Asia 舟o m
Mo ngoliato Thailand, a s sho w nin Fig.I . Thes e
site s c an co v er籾ical clim ate co ndido n s丘otTL
tm pic al to 訂id/s emi- arid a nd grassland are as
including anindtH;hialarea(Chiba).
There ar eth1e e Sitesin C hin ato obs e n(e a
yello w saJld ev er(I(Kos a) alo ng o n e of m ajo r air
no wlineiS b m the w eg[ todie e astin c o operaEtio n
with sitesin Japan. Ano也er fe atw es ofthe
SK m Tareto getthelo ngh}d hal dぬ in di e
w est Pa ciGc O¢ 耽【l tW lng reS ea∫血 v es sels and
co m m ercial ships･ Thes e 申ps with a sky
radio m eter are cozltintLOIJSly opcriLted.
Thebasic obs e rv B(tio n syste m c o n sist ofsky
r adio m cter for aero sol deriv aEtio n
, pyran o mcter
(CM 21 by Kip p皮 Zope n) 弧dpyrge o md erO'I R
by Eppley Lab.)fortheglobalsolaraJldterresbial
radia[tio n. Als o en viro nm entalte mper血 r e aJld
humidib, ar e obs erv ed co n血 uotlSy. In the sites,
Si-S且 m ngin T hiland and Hefei in Chin a 打 e
hte n siv efield sitesforthe G A M Eproje cts obo也
siteshav e spe 6ial fe att m s st}ch as n et r adiatio n
instr um ents
,
micr o w av ¢ r adio m etcr for w aLter
v apor andclotld liquidc o nte nt m ds o o n.
O bs er va,tio nitselfciLnbedolle a utO m a,tic ally,
but se v eralinstru m ents sho 11dbc taken car e oち
e.g. , to wipe a dom e glass ofp yra n Q m eter and
p yrgeo m et¢r. Therefore, e a ch siteis op亡rEt6dby
-
115
-
localpe ople whois wi thhisin stib te orlal)or血 ory
c ollabo ra土edwi ho u r re sea rchc enter.
Co11ected d血 打 e Storedinthe C E R古S
,
Chiba
Uhiv e rsibr a nd CC S R, the Uhiv ersib, ofTbkyo,
血depe ndedy. n e ssdataisbasic ally ope nto all
c om m l mi申pe ople 血 checkingdaEta. Qualib'
c ontrolhatsbe endo n e C arC血11y, bec a u sethe clo ck
of the c o mpeer at the obse m [tiozl Site is
s o m etim e s lu r eli8ble. Rc c eHtly, G P Sre ceiv er
w asintrodncedto the obB en,Etio nsyste m ofthe
Mandalgovi, M ongolia in order to adju st the
syste m Clo ck e vezyday. This m odiBca;tio 皿 CO山d
gr eadyimpro v ethe r eliabilityoftim e sta mp.
3. Asi皿 Ae ro sola nd its d1& ra Cteristics
Skyfadio m eter 00 ngiv e a si2X)distributio n a nd
皿 Optical 血i 血ess ofa eros ols which a m deriv ed
丘om skybrighhess ofw av el ngth, 400, 5 00, 675,
8 70
,
and lO20皿mOlakajin a et al. , 1983,1 996).
An e m ple of m ean v oh m e si沈 distrib do nis
8ho wn inFig.2.
1me site of M inami-Tori8h h且 is m o rethan
1 800km so ud1 飽 St&o m T bkyo, 皿 d aqe cted o n a
verylo wlevel by polbtedair m as s丘o m 血e Asi皿
c oJltin c nt. The paLtte m Of si2:edi5bibudo n c a n
&p pr oxim a;te a po w erhw 切 e ro ughly, stlCh aLS
Jtmge type, h=tin debitthey ha v etw o ordtr ee
m ode depending o ntheir s o Ⅷc c. n e featL m S Of
thesedistribtltion s a re他出 dle de n sib, in 皿
a c c umitio n m ode rangng aro tnd0.1 to0.2 n m
is lo w erdlan that ofa gi弧tparticle m ode o v er 1
um ･ This m aLybe r eas oJ)ablebe cat n ethe rem ote
o c 飽 n Zq ea Cm Othav e m arty SO t m S Of nzLtural
origin･ The co ars e 皿 Ode mightbc m adeby n a'tu ral
s ot汀 Ce S
,
S u chas s ea sltparticles.
The third m ode ce nter ed at 0
.5 to 0.7口 m is
fou nd. A 触 ･ Pinatubo e ruption, slrato spheric
a ero s ols w erein cre as ng te mporarily a nd abruptly.
TUB sho w ed a simi lar m odeOiem er a nd Ka u血 an,
198), butthe m ode in otq c甲e 皿 ay be not也e
strz(to spheric a ero sol bec 孤ISethre e m odes in the
五gt m ar ein cre as ng sintlt皿 e OtlSy.
Chiba and Tbkyo BaLy ar ea h v e be e n
indt旭血uz ed and m ercha ndiz edwidely upto n o w.
There 打 e m any m aZIdactur 訂S Which c o n Btm e
hnge en erg y, s u ch asiro nin dustries, oilplzLnt,
po w erp血 止 and s o o n. Figur e3 血o w s m ea n
v ol1 皿 e Siz e dis也butio n s obs e rv ed act C EReS,
Chiba U hiv. Typical distriblltio n sho w s a
bi- n odal distributio n
, a c c t u tda[tio n and c oa me
m ode. The m ode c eder ed aro u ndl ロ m is not
cle ar for lo w erde nsity, but dis血guished for
relativ elyhe a vier c as e. The s otu u of this m ode
hasbee n n otide ntified md m aybediqere nt舟om
the r e m ote 皿 adlim etype. Acc u mula[tio n m odeis
v ery cle ar andhas a wi de v arietyfor s e as on s. As
w ell- h o vpn
,
the mode has main･part of s e co nd
particlesthro ugha gas-to - particles pro c ess, u ch
as sulfaLtePa rticle s, a nd c an refl ct the at mo spheric
po出 血 n.
The s ea so且alv ariatio n ofthe siz edisbibtxtio n
is n ot so clear
,
btlt ea ch sea s on sho w s alittle
different distriblltio n and de n sity･ The optical
dlickncssin winteris rehtiv elylo w erthqn 也at in
other se as o n s
,
a sho wn in TTable 1. This table
sho w salso other rehtedpara m etersfor s ea so ns.
Itsholld be n otedthe 00 mplex r efねctiv einde x of
a ero sols are asstm edto be1.50-0.01i for au. The
single s czlttering al bcdo(Ss Å) is str o ngly
dq)endeHtupo nit, s otheSsÅhasaln o st similar
v ahwfo r allcas es.
4. StL血 c e r&d h tion
4.1 Estim ate ofdow n w a rd s ohr r adh tio n&t the
Sttrfa c e
Stdac e s olar r adia[tio nisdle m o stS eJISitiveto
cloud a m o -I a5 W ellasits optic al thickn ess.
加erefore,thes e are key p町 弧 eterSfor rebie v alof
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s d ac e s olar radiatio n fro m the satellite dB[ta.
G M S-5 is a Japa nese meteorological satellite
whichis o ne ofgc o･sta[tio n ary n etw orks atenitesin
the w orld, a nd has fou r chan n els, wi de visible,
w ater v apor chan n el and split window chaJn els.
this c a nobs erv ethe Earthfa cingto the satellite
ev 8町 ho ur. Itis thebiggest adv a ntage ove rthe
orbitalsa:tellite mdis stlitable for radia,tio nsttldy.
h 也is study,the a n aly血 gar eafor estim z(lion
c ov ers食o m60
B
N,80
o
Bto20
b
s
,
160
o
E wi de.
The minirnll mbasic umitinthe andysisis0.5 Ⅹ0.5
degre e in LaLt. and
-
Lon . ECM WF伊urop6 an
Centre for Medin m･r む1ge W 由ther Forec asts)
objectiv e aLn aly畠is datais adoptedfor profilesof
te mperz(ttrre, w ater v apo r, and a[tn ospheric
preSS ur e･
Cirru s whi血 is dete cted by a split wh do w
teclmiqt)c w as clas sifi¢d into the ca ses o v er253 K
A ndtlnder253a Optical 也icknes5is assu m edto
be2.2 皿d7.4, r espectiv elyin Ⅶ 町 aJld c older
c as e(血 otLC, 1987). Water clotlds ar e cl舶 Si丘ed irLtO
3hyers a cc o rdingtoISC CPc ategory(Ross o w and
Garder
,
1993). Clo udtype, c o n v e ctiv e or stra.ttLS,is
山so ch¢cked by u sing auto ぺ O rr ela[tio nte 血iqt)e.
Clo ud ov erl叩ping m odel isintrodllC ed su chtha[t
m 拡im l 皿 O V Crl甲plngis used for co n v e ctiv e clo ud
弧d r ando m o v erhpping fo r strz[tu s. Optical
dlickness ofclotld c anbe retrie v edby a refle ctio n
m ethod ofs olar radian c e, whidl W asdesc ribed h
detailinNakajim a 皿dNakajim a(195).
Figu re 4 sho w s 孤 e x 狐1ple of m o nthly
a v eraged total clo ud &a ctio n in the n o血 e 皿
sn n m er(July,
.97) a nd the n o rhe m winter
(Jan tlary,
'97). h sl m B r, a rain ba nd 丘o m the
BaLy Of Bengal to the O khotsk Se ais sho wn
appar ently. Clo11d 血e to the IT C Z is also se e n
鉦o m Philip pn eislands to the eqtlZItOrin the
CentralPa cific. Clo uds fou 皿d in the Japan s e ain
w hter ar e c o n v ecd dtletO heaLting fro m the
w m s ea c o vered by the Sibcrizn clod air
blow - oq.
Fo r computation of surfa ce s olar radiatio n,
RSTAR5code,dev eloped byNaka-jim a etd.(1 9 83,
1986-and 1988), is tlSed･ Loohp table for
sl也 ce solar 瓜 Ⅸ is co mposed pfparan cters of
opticalthickn essofclo nd, r atio ofw ater clo udto
ice cloud, optical thickness of a erosol, e 触 tiv e
w ate r vz(per, s olar ze nith ingle, a nd s urhGe
refle ctance. Global Aer o s ol DaLta Set(G ADS,
Kopke 6t al. , 1997)developed bythe M ax Plan ck
lnstih teis adopted for a ero sol databec au s e ofn o
inform ation ov erland.
Figtw e5 sho w s an e mplc of a daily JTlea n
m ap of su rfac edo w m d s ola r 触 Ⅹ in st m er
and wiTIteq. The m e aJI S Olar flt Ⅸ whichisderiv ed
by htegr8tio n of hotrrly m c o mi喝 SOlar radia,do n
c an r efl ct the v ariatio n of clolld and aero s ol
a m o unts. ClotLd forcingfor s olar radiatio n at the
s urfa c eis sho w nin Fig. 6, which isde血 ed bydie
daily m 6a n血 Ⅸ Prig.5) min us daily m ea n clotLd
丘e e fllⅨ. h July, large n egativ e
-
v alu es ar e
sho w n丘o mthe Bay ofBe ngalto the Ok htsk Se a
a ndaro umd thePhilipphcishnds, c o r r e spo ndingto
the clotld am ot m dcscribcd befor e. There a re
als ola喝C n ega:fiv e v alu ein Sotzthof the eqtutorial
a nd s m allvalu ein 血e Be ngal Sea inJa nLu ary.
Sm anvalu es are sho w n o v erthepa rt of AtLStralia.
4.2 Co mp wiBO n betw e etL eStin 8ted iLBd
obs erv ed radiatioJI
The e stim ated su rfa ce s ohr flu x c m be
c o npBLred wi血 也aLt Observ ed a土 sites of 也e
SKY NE T. T he c o mparis o nis pedor n ed u sing a
daily m e 皿 S O18rflu x,be c 皿 Se 弧ho urlydatais n ot
s o go od a cc o血 c e with e a ch other d伽 tO
broke m ess of Clo udin spa ce andtim e(orlo cality
in clo ud).
Figu re/7 sho ws the c o mpariso n of the
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e stim ated且tzxindaily m ea n wi血ihe obse rv edo n e.
Figur e 7a sho w s the cas es tndcr clear sky
00 nditio n whichis classiEed by m ace obs erv ed
data using pyr n o m eter o中 止 The dzlta a:I
Si- s aa n r ong in Octobq 1997sho w sdie S m all
differen c eb tw e ezlthe m, blrtinJ皿 皿ary 1998the
estin zEtio nis ⅦⅠ山erthe observ ation. T he satellite
s olar 加 Ⅹ under clear sky c o nditio nhs a v arieLtio n
血 e to w aLter V甲 Or a nd aer os ol a m otmt･ n e
ob8Cr V ed 瓜u xis wi dcly ch叫ge able in tin e and
spa ce radlertha n the estim ated nu x, be c atlS ethe
■
latter o n eis tlS ed w 独 a repres ezltativ ¢ aer o占l
m odel and w a-ter v apo rtio m E C M W F血ta. So,
these par 珊Iet rS Shotlld be discu ss ed to be
appr oprizLte Or n ot. Fn一也er analyses llSlng a ero s ol
characteristicsd6riv ed fro m theSK Y N E T血ta will
s olv ethedistin ctio nbetw eenthe sabuitc estin z(te
and dleObs e rv eds olar8t R
Fig町 e 7bis the s a m e asFig. 7a e7LC印t fo r
¢lo udy co ndit on. The_s wface) obs erv ed dBEta act
ShotDdaninJJuly, 199Ssho w wi de v ariatio n舟o m
46tD 312 W / a
,
while die Satellite s olar 且ux
varies丘o m162■to 301W /h 2. Tもc 丘卯 re Sho w s
thedver estim iL6o n ofs atellite s ohr丑tlX aSa Whole.
In other w ords, the clotLdiEm OIInt a nd/o r opticd
thickne ss m BEy be tlnder-e s也n東方d. The
diucr en cebetw e e ndie Obse rv ed and estim ated
丑1Ⅸ is rehtiv cly s m allfor m orethm 2 50 W/n2
whilefo rlesstha n u ot nd 也is vahethediffere n c e
beco m ebigger血 軌 the obs 肝 ▼edvaltLeis s m aller,
i.e. clo ud isheavier. this m ean sdnt thc clo ud
cstin aLtio nin cluding o v erlapping eff5d hs s o m e
proble m s.
h 血e algoridl m tO inferthe s11血 e s olar
radia[do n
,
a n opticalthich ess of clo ud hasbeen
de cidedby cho osingthe tn edia npixd which isthe
center of the histogr a m of the brighhe ss
te mper att m by ther malin良好 edchB m ¢1inthc mit
y e a(0･5 Ⅹ O15 dog in Lat m d Len.). T his
s ele ctio n of the pix el fo r r ctrieving the optic al
thi血 essha s n o･physicalre aso n,bd thepix elcan
repr eser[t也etypicalclo ud b ri-ghh esste 皿peratt m,
i･e･
,
clo ud height. I The staLtistics in optical
血ickn e ssinthe lmit are a sho uldbe co n sider ed as
w ellas the brighh esste mpera;ttu ehistogr am.
Anotherpo ssibility of u nde qe stim atio n of clo ud
optical thickn essis inho m oge n eibT. The r o ugh
stJrface of clo ud top c an m ake shado w to a
n eighboring clotld a nd c む1 afEbctthe e stim ation of
opti 由1thickness of clo ud to be s maller, This
eqect wi ll be e stim aLtedbyhighly res olv ed clo ud
Ⅲ1ageS Su chas airbo rn eda[ta.
5･ StL 山 地 & ry
The SK m T data c angiv einfor m atio n of
a er os olatv adollS Sitesin die eastA5ia. T5,Pical
aer os ol m odels 耶 C O mPiled 血)m these
obs e rv a.tio n s
,
a nd wi llbeintr odn cedinto radiativ e
pro cessinthe s olar radia[tio n estin aLtio n.
n es e a realso tw ed for v alidation of the
do wn w ard solar radiaLtio n e stim ated 血m G MS-5
data･ T he c o mparis o n wi血 grotnd-based
obse m ed da血 sho w s 也e r elativ ely go od
a cc o rdan c efor clea r skydays, butforthe clotldy
c o nditio n
,
thediffer en c eis n tlChbig gerthm thB[t■
fo r cle ar days. Tl血 suggests dlilt the clolld
cstim a･tio n hs so m edefe cts in the algori thn o r
d血 a nalysis pr o ce ss es.
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